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1. ,QWURGXFWLRQ 
8UEDQ SXEOLF WUDQVSRUW KDV WKH DGYDQWDJHV RI
EHLQJ HIILFLHQW UHGXFLQJ HQHUJ\ FRQVXPSWLRQ DQG
EHLQJ HQYLURQPHQWDOO\ IULHQGO\ +RZHYHU
FRQYHQWLRQDOSXEOLFWUDQVLWVWUXFWXUHVDUHGHVLJQHGWR
FRQWDLQIL[HGEXVURXWHVDQGSUHGHWHUPLQHGEXVVWRSV
0RUHRYHUWKHVSDFLQJEHWZHHQEXVVWRSVWHQGVWREH
UHODWLYHO\ ODUJH WR UHGXFH WKH WRWDO V\VWHP FRVW>@
ZKLFKFDXVHVORQJZDONGLVWDQFHVIRUSDVVHQJHUVWR
DQGIURPWKHEXVVWRSV 
:LWK WKH LQFUHDVHG DYDLODELOLW\ RI WKH
VPDUWSKRQHDQGHOHFWURQLFSD\PHQWDIOH[LEOHWUDQVLW
V\VWHP EDVHG RQ ,QWHUQHW VHUYLFH LV JDLQLQJ
SRSXODULW\ LQ WKH SXEOLF WUDIILF 37 ILHOG ,W LV
SRVVLEOH IRUGLIIHUHQWXVHUJURXSV HJ WKH HOGHUO\
GLVDEOHG SUHJQDQW DQG KLJKLQFRPH JURXSV WR
FKRRVH WKHLU ZD\V RI SDUWLFLSDWLQJ LQ EXV WUDYHO
7KHVH GLIIHUHQW XVHUV KDYH GLIIHUHQW UHTXHVWV DQG
GHJUHHVRIZLOOLQJQHVVWRSD\:73IRUEXVWUDYHO
7KHLUYDULRXV:73V UHIOHFW WKHLU VSHFLILFGHPDQGV
VXFK DV VKRUWHU ZDONLQJ GLVWDQFHV UHGXFHG ZDLWLQJ
WLPHVRUEHWWHUVHUYLFH 
$FFRUGLQJWRUHSRUWVIURPGLIIHUHQWFLWLHVPDQ\
SDVVHQJHUVZHUHZLOOLQJ WR FRQVLGHU IOH[LEOH WUDQVLW
VHUYLFHVDVD WUDYHORSWLRQ>@±>@$QXPEHURIEXV
FRPSDQLHVKDYHIRFXVHGRQIOH[LEOHWUDQVLWRSHUDWLQJ
PRGHVVXFKDV',',PLQLEXV>@5X\XHEXV>@DQG
'D'DEXV>@LQ&KLQD7KH',',PLQLEXVLVDVHYHQ
VHDW FDU ZLWKRXW D IL[HG URXWH WKDW LV VLPLODU WR D
VXFFHVVLRQ RI SDVVHQJHU FDUSRROV ',', H[SUHVV
ZKLOH 5X\XH DQG 'D'D EXV DUH IOH[LEOH WUDQVLW
V\VWHPVE\ZKLFKEXVFRPSDQLHVFROOHFWSDVVHQJHU
GHPDQGVDQGGHVLJQEXV OLQHV LQ DGYDQFH)OH[LEOH
WUDQVLWLVDOVREHFRPLQJSRSXODULQWKH86ERWK8EHU
DQG/\IWDUHWU\LQJWRPDNHVRPHKHDGZD\LQLW8EHU
SXW XS D VHUYLFH FDOOHG 8EHU+RS>@ ZKLFK LV
GHVLJQHGDURXQG IL[HGSLFNXSDQGGURSRIISRLQWV
MXVW OLNH D EXV VLPLODU WR WKH PLQLEXV VHUYLFH
SURYLGHG E\ ',', LQ &KLQD /\IW>@ ZRUNV ZLWK
SXEOLF WUDQVLW DJHQFLHV DFURVV WKH FRXQWU\ WR
HOLPLQDWHWUDQVSRUWDWLRQEDUULHUVDQGKDVODXQFKHGD
QHZ PRGHO IRU VXEXUEDQ PRELOLW\ 8QIRUWXQDWHO\
WKHVH PDUNHW PRGHV ODFN D PHWKRG RI GUDZLQJ D
FRPSURPLVHEHWZHHQWKHH[LVWLQJIL[HGEXVOLQHVDQG
IOH[LEOHEXVOLQHV 
.RIIPDQ>@DQG3RWWVHWDO>@SUHVHQWHGVRPH
FRPPRQ XQGHUO\LQJ IHDWXUHV RI D IOH[LEOH WUDQVLW
V\VWHP7\SLFDOO\ LQD IOH[LEOH WUDQVLW V\VWHPRQO\
VRPH SDUWV RI WKH VHUYLFH DUH IOH[LEOH ZKLOH VRPH
DVSHFWV RI WKH H[LVWLQJ IL[HG WUDQVLW V\VWHP DUH
PDLQWDLQHG 3URSHU IOH[LEOH EXV VHUYLFHV WKDW
FRQVLGHU :73 KDYH WKH DGYDQWDJHV RI EHLQJ
FXVWRPL]DEOHXVHIXODQGQHFHVVDU\FRPSOHPHQWVWR
FRQYHQWLRQDOEXVVHUYLFHV+RZHYHUGXHWRWKHODFN
RI PDWXUH PRELOH ,QWHUQHW VHUYLFH DQG µSD\E\
PRELOH¶ WHFKQRORJ\ WKH IOH[LEOH WUDQVLW VHUYLFHV RI
WKH SDVW KDYH ODFNHG D IOH[LEOH IDUH VWUXFWXUH
DVVRFLDWHG ZLWK WKH KHWHURJHQHLW\ RI SDVVHQJHUV¶
:73 
1.1 /LWHUDWXUHUHYLHZ 
0DQ\ UHVHDUFKHUV KDYH IRFXVHG RQ IOH[LEOH
WUDQVLW V\VWHPV)OXVEHUJ>@GHVFULEHG WKHFRQFHSW
RI WKH GHPDQGUHVSRQVLYH WUDQVSRUWDWLRQ V\VWHP
LPSOHPHQWHG LQ 0HUULOO :LVFRQVLQ 'DJDQ]R >@
>@HVWLPDWHGWKHV\VWHPSHUIRUPDQFHLQPDQ\WR
RQHDQGPDQ\WRPDQ\GHPDQGUHVSRQVLYHVHUYLFHV
DQGSUHVHQWHGDSUHOLPLQDU\VWXG\RI WKHIHDVLELOLW\
RIFKHFNSRLQWGLDODULGHV\VWHPV 
,Q UHFHQW \HDUV IOH[LEOH WUDQVLW VHUYLFHV KDYH
EHHQ UHFRJQL]HG DV RQH SRWHQWLDO VROXWLRQ XQGHU
PHGLXPGHPDQGRUORZGHPDQGFRQGLWLRQVLQQHZO\
GHYHORSHG XUEDQVXEXUEDQ DUHDV >@ >@ >@
4XDGULIRJOLR DQG /L>@ DQDO\]HG WKH RSWLPDO
QXPEHU RI ]RQHV LQ GHVLJQLQJ IHHGHU EXV VHUYLFHV
XVLQJ IL[HGURXWH DQG GHPDQGUHVSRQVLYH VHUYLFHV
7KH\ SURYLGHG D FORVHGIRUP VROXWLRQ IRU UHJXODU
VHUYLFHV DQGDQDSSUR[LPDWLRQ IRUPXOD IRU IOH[LEOH
VHUYLFHV7KHUHVXOWVZHUHYHULILHGZLWKVLPXODWLRQV
$VDQH[WHQVLRQWKH\H[SORUHGWKHGHPDQGWKUHVKROG
EHWZHHQIL[HGURXWHDQGGHPDQGUHVSRQVLYHVHUYLFHV
ZLWK RQH YHKLFOH$ OLPLWDWLRQ RI WKHLU PRGHOV ZDV
WKHLUDVVXPSWLRQWKDW WKHHQWLUHUHJLRQZDVFRYHUHG
E\ RQH YHKLFOH IRU ERWK IL[HGURXWH DQG GHPDQG
UHVSRQVLYH VHUYLFHV>@ >@ Kim and Schonfeld 
[19] proposed an analytical model framework for 
comparing operations among fixed-route only, 
flexible route only, and an integrated service that 
temporally switches between the two during peak 
and off-peak periods. 1RXUEDNKVK DQG 2X\DQJ>@
GHYHORSHG D QHZ VWUXFWXUHG IOH[LEOHURXWH WUDQVLW
V\VWHPWKDWZRUNVZHOODW ORZWRPRGHUDWHGHPDQG
OHYHOV7KH WKHRU\ZRUNV LQ IOH[LEOH WUDQVLWV\VWHPV
ZLWK YDU\LQJ GHJUHHV RI VXFFHVV 7KH UHYLHZ E\
(UULFRHWDO>@VXPPDUL]HVWKHOLWHUDWXUHSXEOLVKHG
EHIRUH  RQ VHPLIOH[LEOH WUDQVLW V\VWHPV DQG
RIIHUVDXQLI\LQJPRGHOIUDPHZRUNIRUUHSUHVHQWDWLRQ
DQGSODQQLQJ+LFNPDQDQG%OXPH>@)X>@DQG
7DQJ HW DO>@ DOVR VWXGLHG WUDQVLW VHUYLFH V\VWHP
RSWLPL]DWLRQ +RZHYHU VHOGRP KDYH WKHVH VWXGLHV
GHYHORSHGDFRPSURPLVHEHWZHHQWKHH[LVWLQJIL[HG
EXVOLQHV\VWHPVDQGWKHIOH[LEOHWUDYHOGHPDQGVLQD
VSHFLILFVHUYLFHDUHD$FKLHYLQJDZLQZLQVLWXDWLRQ
IRU EXV FRPSDQLHV DQG SDVVHQJHUV UHPDLQV D
FKDOOHQJHIRUWUDQVLWRSHUDWRUV 
:LWKWKHVSUHDGRIVPDUWSKRQHVDQGHOHFWURQLF
SD\PHQWVWRDOODVSHFWVRIOLIHRSHUDWLQJV\VWHPVIRU
LQVWDQWLQIRUPDWLRQH[FKDQJHDQGPRUHIOH[LEOHIDUH
VWUXFWXUHVKDYHEHFRPHDYDLODEOHYLDPRELOHSKRQH
DSSVDQGHOHFWURQLFSD\PHQWV6XEVHTXHQWO\VHYHUDO
VWXGLHV RI IOH[LEOH SXEOLF WUDQVLW VWUXFWXUHV DQG
VWUDWHJLHV KDYH EHHQ FRQGXFWHG XQGHU WKLV QHZ
EDFNJURXQG >@±>@ 7KH WUDQVLW ULGHUVKLS LV
XVXDOO\ VHQVLWLYH WR IDUHV WUDYHO WLPHV ZDLW WLPHV
DQG DFFHVV WLPHV DPRQJ RWKHU IDFWRUV>@ 6RPH
VWXGLHVKDYHUHYHDOHGWKDWIOH[LEOHWUDQVLWVHUYLFHVDUH
SURPLVLQJRSHUDWLQJSROLFLHVIRUVKDSLQJQHZWUDYHO
SDWWHUQV LQ ORZGHPDQG DUHDV>@±>@ DQG WKDW
SDVVHQJHUV DUH JHQHUDOO\ ZLOOLQJ WR XVH WKHVH
LQQRYDWLYH WUDQVLWV\VWHPV>@ >@0DQ\RI WKHVH
V\VWHPVDUHZHOOVWUXFWXUHGIOH[LEOHWUDQVLWV\VWHPV
EXWWKHVHV\VWHPVGRQRWSUHFLVHO\FRPELQHWKHDFWXDO
FKDUDFWHULVWLFV RI D IOH[LEOH WUDQVLW V\VWHP ZLWK WKH
KHWHURJHQHLW\ FKDUDFWHULVWLFRISDVVHQJHUV¶:73 LI
ZH FRPELQH WKHVH WZR DVSHFWV WKH EXV FRPSDQ\
FRXOG HDUQ PRUH PRQH\ DQG SDVVHQJHUV FRXOG JHW
EHWWHUSHUVRQDOO\GHVLJQHGVHUYLFH 
:73 LV D FRQVXPHU¶V ZLOOLQJQHVV WR SD\ IRU
FHUWDLQ FRQVXPHU JRRGV RU VHUYLFHV EDVHG RQ WKH
FRQVXPHU¶VVXEMHFWLYHDSSUDLVDORIWKHLUZRUWK:73
LV ZLGHO\ XVHG ZKHQ DQDO\]LQJ WKH SXEOLF JRRG RI
WUDQVSRUWDWLRQ V\VWHPV>@±>@ 0DQ\ VWXGLHV RQ
:73 LQ GLIIHUHQW FLWLHV UHDFKHG D FRQVHQVXV WKDW D
JRRG SRUWLRQ RI WKH UHVSRQGHQWV ZHUH ZLOOLQJ WR
FRQVLGHUIOH[LEOHWUDQVLWVHUYLFHVDVRQHRIWKHLUWUDYHO
RSWLRQV LQFOXGLQJ  LQ 0HUULOO :LVFRQVLQ>@
LQWKH6DQ)UDQFLVFR%D\DUHD&DOLIRUQLD>@
DQGLQ-LQDQ6KDQGRQJSURYLQFHRI&KLQD>@
0RUHVSHFLILFDOO\-LHHWDO>@FDOFXODWHGWKH:73RI
SDVVHQJHUVDPSOHVFROOHFWHGLQ WKH-LQDQ4LOX
6RIWZDUH3DUNDQGUHDFKHGDUHVXOWWKDWUHVSRQGHQWV
DUHZLOOLQJWRSD\DQDYHUDJHIDUHRI&KLQHVH<XDQ
 86 GROODUV HTXLYDOHQW SHU WULS WR XVH D
IOH[LEOH WUDQVLW VHUYLFH 0RUHRYHU WR RXU GHOLJKW
UHVSRQGHQWV H[SUHVVHG DKLJKHUSUHIHUHQFH 
IRUDVHUYLFHWKDWKDVWKHIL[HGURXWHDWWULEXWHEXWZLWK
HDV\WRDFFHVVORFDWLRQVIRUSLFNXSGURSRIISRLQWV
IRUZKLFKWKHIOH[LEOHV\VWHPRIWKLVSDSHULVH[DFWO\
VXLWDEOH 
1.2 2EMHFWLYHVDQGFRQWULEXWLRQV 
%HWWHUVHUYLFHGHVHUYHVKLJKHUIDUHV3DVVHQJHUV
FDQUHFHLYHDKLJKHU OHYHORIVHUYLFH LI WKH\KDYHD
KLJKHU:73$GGLWLRQDOO\EXVFRPSDQLHVFDQPDNH
PRUH LQFRPH LI WKH\ FDQ SURYLGH PRUH FXVWRPL]HG
VHUYLFH DQG RIIHU D KLJKHU TXDOLW\ RI VHUYLFH 7KLV
SDSHUDLPV WR LQWHJUDWH WKHVH LQWHUHVWLQJ LGHDV LH
IOH[LEOH WUDQVLW VHUYLFH SDVVHQJHU KHWHURJHQHLW\ LQ
WKHLU:73LQWRWKHGHVLJQRIDIOH[LEOHURXWHWUDQVLW
V\VWHP,QDIL[HGWUDQVLWV\VWHPDOOWKHEXVVWRSVDUH
RIWKHVDPHFODVVDQGDUHVHUYHGZLWKRXWFRQVLGHULQJ
WKHQHWRSHUDWLQJLQFRPHRIWKHVHVWRSVWKXVOHDGLQJ
WRDORZEHQHILW7KHUHIRUHLQWKLVSDSHUZHSURSRVH
D IOH[LEOHURXWH WUDQVLW V\VWHP ZLWK WZR OHYHOV RI
VWRSV $OHYHO EXV VWRS DQG %OHYHO EXV VWRS DV
VKRZQLQ)LJ$OHYHOEXVVWRSVDUHIL[HGVHUYLFH
VWRSVWKDWDUHVHUYHGE\DOOWKHEXVHVZKLOH%OHYHO
EXVVWRSVDUHIOH[LEOHDQGSURYLGHVHUYLFHRQO\ZKHQ
WKHUHDUHDFWLYHUHTXHVWVIURPSDVVHQJHUVDQGDKLJK
:73 
 )LJ6FKHPDWLFGLDJUDPRIWZROHYHOVRIVWRSV 
 
:LWK WKH LQFUHDVHG DYDLODELOLW\ RI WKH PRELOH
,QWHUQHWDQG LQVWDQWPHVVDJLQJ,0 LWKDVEHFRPH
SRVVLEOH WR SURFHVV VLPSOH UHTXHVWV DQG UHVSRQVHV
>@,QWHUQHWEDVHGEXVVHUYLFHLVDIXWXUHVWDURIWKH
37ILHOGEXWLWPLJKWWDNHDORQJWLPHIRUSDVVHQJHUV
WREHFRPHDFFXVWRPHGWRPDNLQJWKHLUUHVHUYDWLRQV
RQOLQHWKHUHIRUHLWLVHVVHQWLDOWRVHOHFWDUHFHSWLYH
RSHUDWLRQ PRGH 7KLV PRGH FDQ FRRUGLQDWH WKH
H[LVWLQJPRGHRIZDLWLQJDWWKHEXVVWRSGLUHFWO\ZLWK
DQHZPRGHRIPDNLQJSHUVRQDOUHTXHVWVLQDGYDQFH
6XFKDQDSSURSULDWHV\VWHPIRUSDVVHQJHUVFDQOHDG
WRDZLQZLQVLWXDWLRQIRUSDVVHQJHUVRIERWKRIWKHVH
PRGHV HVSHFLDOO\ LQ DUHDV WKDW ODFN SDUDWUDQVLW
V\VWHPVDQGGXULQJRIISHDNKRXUV 
7KH UHPDLQGHU RI WKLV SDSHU LV RUJDQL]HG DV
IROORZV6HFWLRQ RXWOLQHV WKHPHWKRGRORJ\RI WKH
PRGHO6HFWLRQDGGUHVVHVDQXPHULFDOH[DPSOHLQ
ZKLFKZHFRPSDUHWKHSHUIRUPDQFHVRIWKHSURSRVHG
WUDYHUVLQJPHWKRGZLWKWKHWDEXVHDUFKDOJRULWKPDQG
WKHQ DQDO\]H WKH VHQVLWLYLW\ WR WKH UHOHYDQW
SDUDPHWHUV6HFWLRQSUHVHQWVD UHDOZRUOGFDVHRI
WKH1REXVLQ*XDQJ]KRXDQGFRPSDUHGLWZLWK
DOWHUQDWLYH WUDQVLW V\VWHPV6HFWLRQFRQFOXGHV WKH
SDSHU 
2. 0HWKRGRORJ\ 
2.1 2SHUDWLRQFKDUDFWHULVWLFV 
,Q WKLVSDSHU WZR OHYHOVRIEXV VWRSV $ OHYHO
DQG%OHYHODUHFRQVLGHUHG$VVKRZQLQ7DEOH$
OHYHOVWRSVDUHIL[HGDQGSDVVHQJHUVFDQERDUGDW$
OHYHOEXVVWRSVZKHWKHUWKH\PDNHUHVHUYDWLRQVRUQRW
+RZHYHU WKH\ DUH HQFRXUDJHG WR ERRN LQ DGYDQFH
EHFDXVH WKH EXV FRPSDQ\ ZRXOG FRQVLGHU WKH WLPH
FRVWRISDVVHQJHUVDWWKH$OHYHOEXVVWRSRQO\ZKHQ
WKH\PDGHUHVHUYDWLRQVLQDGYDQFH 
,QFRQWUDVWDOOSDVVHQJHUVDW%OHYHOEXVVWRSV
PXVW PDNH UHTXHVWV RQOLQH %OHYHO EXV VWRSV DUH
IOH[LEOH DQG SURYLGH VHUYLFH RQO\ LQ WKH FDVH RI
UHVHUYDWLRQV DQG VXIILFLHQW :73V $OO SDVVHQJHUV
ZKHWKHU WKH\ ERDUG DW$ RU % OHYHO EXV VWRSV FDQ
DOLJKWIURPWKHEXVRQO\DW$OHYHOVWRSV5HJDUGLQJ
WKHIDUHVWUXFWXUHSDVVHQJHUVZKRZLVK WRERDUGDW
$OHYHOEXVVWRSVZRXOGSD\ IRURQO\ WKHEDVHIDUH
IURP WKHLU SRLQW RI RULJLQ WR WKHLU GHVWLQDWLRQ EXW
SDVVHQJHUVDW%OHYHOVWRSVDUHVXSSRVHGWRPDNHD
UHVHUYDWLRQ LQGLFDWLQJ WKHLU WUDYHO RULJLQ DQG
GHVWLQDWLRQ2'GHSDUWXUHWLPHDQGWKHLUWRWDO:73
QROHVVWKDQWKHEDVHIDUH 
 
7DEOH%RDUGLQJDQGDOLJKWLQJVWUDWHJLHV 
 
%XV
VWRS
OHYHO 
%RDUGLQJ 
$OLJKWLQJ :73UHTXLUHG 'LUHFWZDLWLQJ 
%RRNLQ
DGYDQFH 
$ Ĝ Ĝ Ĝ î 
% î Ĝ î Ĝ 
 
,Q WKLV V\VWHP DOO WKH SDVVHQJHUV VKRZ WKHLU
:73LQGLYLGXDOO\ZLWKRXWFRQVLGHULQJDQGNQRZLQJ
WKH :73V RI RWKHU SDVVHQJHUV DQG ERRN ZLWK DQ
XQGHUVWDQGLQJRIWKHUXOHVRIRSHUDWLRQ)XUWKHUPRUH
DOO SDVVHQJHUV VKRXOG HQVXUH WKDW WKHLU ERRNLQJ
DFFRXQWKDVVXIILFLHQWIXQGVDQGDXWRPDWLFDOO\DFFHSW
WKH UXOHV RI EXV IDUH GHGXFWLRQ )LJ  D VKRZV D
UHVHUYDWLRQUHTXHVWRQWKH$SS7KHUHLVDUHVSRQVH
GHDGOLQHWRVWRSUHFHLYLQJQHZRUGHUV,WWDNHVDIHZ
VHFRQGV IRU WKH V\VWHP WR FDOFXODWH WKH EHVW URXWH
JHQHUDOO\ QR PRUH WKDQ  VHFRQGV ZLWK D WDEX
VHDUFK1H[WHYHU\SDVVHQJHUZRXOGJHWDQRWLFHRI
DVXFFHVVIXOUHVHUYDWLRQRUUHERRNLQJVXJJHVWLRQV,I
SDVVHQJHUVERRNVXFFHVVIXOO\DVVKRZQLQ)LJE
WKH\ZLOOUHFHLYHDQRWLFHRIWKHLUEXVGHWDLOVDQG(
WLFNHW,IDSDVVHQJHU¶VVHUYLFHUHTXHVWLVQRWDFFHSWHG
WKH\ZLOOUHFHLYHDQDSRORJ\QRWLFHDVZHOODVVRPH
VXJJHVWLRQV DV VKRZQ LQ )LJ  F ZKLFK PD\
HQFRXUDJH WKHP WR UDLVH WKHLU SHUVRQDO :73 DQG
SODFHDQRWKHURUGHURUZDLWDWWKHQHDUHVW$OHYHOEXV
VWRSZKHUHWKHEXVLVJXDUDQWHHGWRDUULYH 
   D0DNHUHVHUYDWLRQ E%RRNLQJVXFFHVV F%RRNLQJIDLOXUH 
)LJ$SSVFKHPDWLF 
2.2 1RWDWLRQDQGGHILQLWLRQ 
7RVLPSOLI\WKHPRGHOZHDVVXPHWKDWDOOSDVVHQJHUVLQWKHV\VWHPWUDYHOUDWLRQDOO\DQGWKDWWKH\ZRXOGQRW
JLYHXSWDNLQJDEXVRQFHWKH\PDGHDUHVHUYDWLRQVXFFHVVIXOO\7DEOHGHILQHVWKHQRWDWLRQXVHGLQWKLVSDSHU 
 
7DEOH1RWDWLRQ 
6\PERO 'HILQLWLRQ 
6HWVDQGLQGLFHV D? 6HWRI$OHYHOEXVVWRSVD?௡ ൌ O?D?ଵǡ D?ଶǡ ǥ ǡ D?௠O? א D? D? 6HWRI%OHYHOEXVVWRSVD?௜ א D? D?௜ 6HWRI%OHYHOEXVVWRSVD?௜ א D? D? 6HWRIEXVOLQHFRQQHFWLRQVD?௜௝ א D? D? 6HWRISDVVHQJHUVDWEXVVWRSD?௜D? א D? D? Set of selected B-level bus stops between bus stop D?௡ and bus stop D?௡ାଵ, D? ൌ൛׊D?ǡ D?஻೔ ൌ  ?ൟ, D? א D? 3DUDPHWHUVDQGIXQFWLRQV D? 7RWDOV\VWHPLQFRPH<XDQ D? 7RWDOWLFNHWLQFRPH<XDQ 
D?஺ 7RWDOWLFNHWLQFRPHRI$OHYHOEXVVWRSV<XDQ D?஻ 7RWDOWLFNHWLQFRPHRI%OHYHOEXVVWRSV<XDQ D? 7RWDOFRVWRIWKHV\VWHPRIRSHUDWLRQ<XDQ D?ଵ %DVHRSHUDWLRQFRVW<XDQNP D?ଶ 7LPHFRVWRISDVVHQJHUVRQWKHEXV<XDQNP D?ଷ 7LPHFRVWRISDVVHQJHUVZKRKDYHDOUHDG\PDGHDUHVHUYDWLRQDWWKHIROORZLQJ$OHYHOEXVVWRSV<XDQNP D?ை஽଴  %DVHIDUHIURPWKHRULJLQEXVVWRSD?WRWKHGHVWLQDWLRQEXVVWRSD? D?஺ &RVWRIDOO$OHYHOEXVVWRSV<XDQ D?஻ &RVWRIDOOGHYLDWHG%OHYHOEXVVWRSV<XDQ D?஻೔ 7RWDOFRVWRIGHYLDWLRQRIEXVVWRSD?௜<XDQ D?஻೔ 1XPEHURISDVVHQJHUVRQWKHEXVRYHUDURDGVHJPHQWRID?௜ D?஺೙ை  1XPEHURISDVVHQJHUVWKDWERDUGDWD?௡ D?஻೔ை  1XPEHURISDVVHQJHUVWKDWERDUGDWD?௜ D?஺೙஽  1XPEHURISDVVHQJHUVWKDWDOLJKWDWD?௡  ?D?஻೔ 5HODWLYHGHWRXUGLVWDQFHRID?௜ D?஻೔ 0LQLPXP:73RIDOOSDVVHQJHUVDWVWRSD?௜<XDQ D?஻೔௥  :73RISDVVHQJHUD?DWEXVVWRSD?௜<XDQD? א D? D? %\SDVVGLVWDQFHUDWLR ɑ 3DVVHQJHUORDGIDFWRUɃ௠௜௡ ൑ D? ൑ Ƀ௠௔௫ D? 9HKLFOHFDSDFLW\ D? 0D[LPXPQXPEHURI%OHYHOVWRSVWKDWVHUYHDVDEXVWRXU  ? $EVROXWHGLIIHUHQFHRIWRWDOV\VWHPLQFRPHEHWZHHQDWDEXVHDUFKDQGWKHWUDYHUVLQJPHWKRG<XDQ D?்௔௕௨ 7RWDOV\VWHPLQFRPHZLWKDWDEXVHDUFK<XDQ D?்௠ 7RWDOV\VWHPLQFRPHZLWKWKHWUDYHUVLQJPHWKRG<XDQ D? 3HUFHQWDJHRIDEVROXWHGLIIHUHQFH ? D? 6WUHQJWKRI:73 
YDULDEOHV D? %OHYHOEXVVWRSVD? ൌ൛D?஻భ ǡ D?஻మ ǡ D?஻య ǡ ǥ ǡ D?஻೔ ǡ ǥ ǡ D?஻಺ൟ D?஻೔ Binary variable:D?஻೔ ൌ  ? if B-level bus stop D?LVVHUYHGD?஻೔ ൌ  ? otherwise. D?஻೔ א D? 
 
2.3 )RUPXODWLRQ 
,Q WKLV PRGHO (T  VKRZV WKDW WKH V\VWHP
LQFRPHFRQVLVWVRIWZRPDLQSDUWVWLFNHWLQFRPHDQG
%VWRSVGHYLDWLRQFRVWZHRPLWWHGVRPHIL[HGFRVW
RIWKLVRSHUDWLRQV\VWHP D?D?D?אD?D? ൌ D? െD?D?  ,Q(TWKHV\VWHPLQFRPHD?LQFOXGHVWLFNHW
IDUHVIURP$OHYHODQG%OHYHOEXVVWRSV(TVDQG
 VKRZ WKDW WKH WLFNHW LQFRPH RI WKH$OHYHO EXV
VWRSVLVRQO\WKHEDVHIDUHDQGWKHWLFNHWLQFRPHRI
WKH%OHYHOEXVVWRSVLVIURPWKHLUEDVHIDUHDQGWKH
H[WUD:73DPRXQW7KHEDVHIDUHD?ை஽଴ YDULHVZLWKWKHPRGHRIWKHIDUHVWUXFWXUHLQGLIIHUHQWFLWLHV D? ൌ D?஺ ൅ D?஻  D?஺ ൌ ෍ ෍ D?஺ೀ כ D?஺ೀ஺ವ ǡ  ൏ ஽א஺ைא஺   
D?஻ ൌ ෍ ෍ ൫D?஻೔஺೙଴ ൅ D?஻೔൯ כ D?஻೔஺೙ כ D?஻೔஺೙א஺஻೔א஻  D?஻೔ א D?ǡ D?௜ א D?ǡ D?௡ א D?  ,Q(TEHFDXVHDOOWKH$OHYHOEXVVWRSVDUH
VXUH WREHVHUYHG WKHRSHUDWLRQFRVWRI WKH$OHYHO
EXVVWRSVLVIL[HG7RVLPSOLI\WKHPRGHOZHRPLWWHG
WKHRSHUDWLRQFRVWRIWKH$OHYHOEXVVWRSVD?஺O?IURPWKH RSWLPL]DWLRQ SURFHVV 7KH WRWDO FRVW RI WKH
RSHUDWLQJV\VWHP LV WKXV WKH VXPRIDOO WKH%OHYHO
EXVVWRSVD?஻O?WKDWDUHVHUYHGLQWKLVV\VWHPDQGWKHLQFUHDVHGFRVWLQFXUUHGE\WKH%VWRSEHFDXVHRIWKH
GHWRXU7KH WRWDO FRVWRIHDFKEXV VWRSD?௜KDV WKUHHFRPSRQHQWVLQ(TWKHEDVHRSHUDWLRQFRVWD?ଵWKHWLPHFRVWWRDOOSDVVHQJHUVRQWKHEXVD?ଶDQGWKHWLPHFRVWRISDVVHQJHUVZKRKDYHDOUHDG\ERRNHGDW
WKHIROORZLQJ$OHYHOVWRSVD?ଷ D?஻ ൌ ෍ D?஻೔ כ D?஻೔஻೔א஻ ǡ D?஻೔ א D?ǡ D?௜ א D?  
D?஻೔ ൌ D?D?஻೔ כ O?D?ଵ ൅ D?஻೔ כ D?ଶ ൅ ෍ D?஺೑ை כ D?ଷே௙ୀ௡ାଵ O? D?௜ א D?ǡ D?௙ א D?ǡ D? ൌ D? ൅  ? ൑ D?  
(TFRXQWVWKHSDVVHQJHUQXPEHURQWKHEXV
RYHUDURDGVHJPHQWRID?௜ D?஻೔ ൌ ෍ D?஺ೖ௢௡௞ୀଵ ൅ ෍ D?஻ೞை כ D?஻ೞ௜௦ୀ଴ െ ෍ D?஺ೖ஽௡௞ୀଵ  D?௞ ǡ D?௡ א D?ǡ  ? ൑ D? ൑ D? D?௦ǡ D?௜ א D?ǡ  ? ൑ D? ൑ D?  (T  VWDWHV WKH YDOXH RID?D?஻೔ ZKLFK LV WKHGHWRXU GLVWDQFH RI D?௜ ,Q WKH UHJLRQ EHWZHHQ EXVVWRSVD?௡D?௡ାଵ WKH %OHYHO EXV VWRSV UXQ IURPD?௣WRD?௤,IWKHUHDUHPDQ\%OHYHOEXVVWRSVEHWZHHQ
$OHYHO EXV VWRSV D?௡D?௡ାଵ WKH URXWH EHWZHHQWKH%OHYHOEXVVWRSVLVGHWHUPLQHGDFFRUGLQJWRWKH
'LMNVWUDVKRUWHVWSDWKDOJRULWKP D?D?஻೔ ൌ O?D?஺೙஻೛ ൅ ෍ D?஻೔஻ೕ௣ஸ௜ஸ௝ஸ௤ ൅ D?஻೜஺೙శభ െ D?஺೙஺೙శభO?כ D?஺೙஻೔ ൅ D?஻೔஺೙శభ ? O?D?஺೙஻೔ ൅ D?஻೔஺೙శభO?௣ஸ௜ஸ௤  D?௜ ǡ D?௝ǡ D?௣ǡ D?௤ א D?ǡ D? ൑ D? ൑ D? ൑ D? D?௡ǡ D?௡ାଵ א D? 
 
0LQLPXP:73 
)RUHDFK%OHYHOEXVVWRSWKHUHLVDPLQLPXP
:73D?஻೔EHFDXVHRIWKHGHWRXURIWKHPDLQEXVOLQH7KH H[WUD:73 DPRXQW UDLVHG E\ SDVVHQJHUV DWD?௜VKRXOGEHQROHVVWKDQWKHWRWDOFRVWRIWKHGHWRXU(T
 VKRZV WKLV UHVWULFWLRQ DQG (T  LV WKH
FROOHFWLRQRIDOOWKHLQGLYLGXDO:73DPRXQWVDWEXV
VWRSD?௜DWWKHVDPHWLPH D?஻೔ ൒ D?஻೔ ǡ D?௜ א D?  D?஻೔ ൌ ෍ D?஻೔௥௥אோ ǡ D?௜ א D?ǡ D? א D?  
6HUYLFHFRQVWUDLQWV 
$IHZUXOHVDUHHVWDEOLVKHGWRHIIHFWLYHO\OLPLW
WKHOHQJWKRIWKHEXVOLQHVXFKDVWKHOLPLWDWLRQRIWKH
GHWRXU UDWLR LQ (T  DQG WKH UHVWULFWLRQ RI WKH
PD[LPXPQXPEHURI%OHYHOVWRSVWKDWDUHVHUYHGLQ
DEXVWRXULQ(T D?஺೙஻೛ ൅  ? D?஻೔஻ೕ௣ஸ௜ஸ௝ஸ௤ ൅ D?஻೜஺೙శభD?஺೙஺೙శభ ൑ D? D?௜ ǡ D?௝ǡ D?௣ǡ D?௤ א D?ǡ D? ൑ D? ൑ D? ൑ D? D?௡ǡ D?௡ାଵ א D?  ෍ D?஻೔஻೔א஻ ൑ D?ǡ D?௜ א D?  :H DOVR FRQVWUDLQ WKH SDVVHQJHU ORDG IDFWRU
EHWZHHQɃ௠௜௡DQGɃD?D?D?LQ(TWRNHHSWKHV\VWHPRSHUDWLQJVPRRWKO\ Ƀ௠௜௡ ൑ D?஻௜D? ൑ Ƀ௠௔௫ǡ D?௜ א D?  
2.4 0HWKRGRIVROXWLRQ 
7KH PRGHO LV D  LQWHJHUSURJUDPPLQJ
SUREOHP D?஻೔ ൌ  ?LI %OHYHO EXV VWRS D?LV VHUYHGD?஻೔ ൌ  ?RWKHUZLVH 7KH VROXWLRQV RI WKLV W\SH RISUREOHPIDOOLQWRWZRFDWHJRULHVSUHFLVHDOJRULWKPV
>@DQGKHXULVWLFDOJRULWKPV>@7KHHQXPHUDWLRQ
PHWKRGZKLFKLVDSUHFLVHDOJRULWKPIDLOVZKHQWKH
QXPEHURIVLWXDWLRQVLQWKHFRUUHVSRQGLQJFDVHLVWRR
ODUJH 7KH KHXULVWLF DOJRULWKP JHQHUDWHV DQ LQLWLDO
VROXWLRQDFFRUGLQJWRWKHJLYHQFRQVWUDLQWVDQGWKHQ
LPSURYHV WKH SHUIRUPDQFH RI WKH LQLWLDO VROXWLRQ
EDVHG RQ DQ DOJRULWKP WR REWDLQ D VDWLVIDFWRU\
VROXWLRQ 7KH DOJRULWKPV WKDW RSWLPL]H WKH LQLWLDO
VROXWLRQ DUH PRVWO\ LQWHOOLJHQW DOJRULWKPV VXFK DV
WDEXVHDUFK>@±>@DQWFRORQ\>@±>@VLPXODWHG
DQQHDOLQJ>@±>@ DQG JHQHWLF DOJRULWKPV>@ $
WDEX VHDUFK LV D PHWDKHXULVWLF WKDW JXLGHV D ORFDO
KHXULVWLFVHDUFKSURFHGXUHLQH[SORULQJWKHVROXWLRQ
VSDFH EH\RQG ORFDO RSWLPDOLW\ 7KH WDEX VHDUFK
DOJRULWKPKDVDVWURQJDELOLW\WRVROYHWKLVSUREOHP
DQGZDVXVHGE\5XLVDQFKH]HWDO>@WRHIILFLHQWO\
VROYH ELOHYHO RSWLPL]DWLRQ SXEOLF WUDQVSRUW URXWH
PRGHOV 
,QWKLVSDSHUZKHQWKHIHDVLEOHVROXWLRQUDQJHLV
UHODWLYHO\ VPDOO ZH XWLOL]H WKH WUDYHUVLQJ PHWKRG
DQG D FRGLQJ VFKHPH LV SURSRVHG EDVHG RQ WKH
VHTXHQFHRIWKHFRPSOHWHELQDU\WUHHRIWKLVPHWKRG
7KHUHDUHDSSUR[LPDWHO\Q WRWDO IHDVLEOHVROXWLRQV
:KHQWKHIHDVLEOHVROXWLRQUDQJHLVEURDGZHDSSO\
WKHWDEXVHDUFKDOJRULWKPWRGHDOZLWKWKHVHFDVHVWR
PHHW WKH QHHG IRU IDVW VROXWLRQV LQ D SUDFWLFDO
DSSOLFDWLRQ:HSUHVHQWWKHJHQHUDOIUDPHZRUNRIRXU
WDEXVHDUFKDOJRULWKPEHORZ 
1) Find an initial feasible solution:  
:HVROYHDFXUUHQWVROXWLRQZHVWDUWIURPD?஻೔ ൌ ?WKHQVHDUFKVHYHUDOVROXWLRQVLQWKHQHLJKERUKRRG
RIWKLVFXUUHQWVROXWLRQDQGILQDOO\FKRRVHRQHRIWKH
EHVWVROXWLRQVDVWKHQHZFXUUHQWVROXWLRQ,QDGGLWLRQ
LQWKLVSDSHUWKHUHLVDPD[LPXPIRUWKHWRWDOQXPEHU
RI%OHYHOEXVVWRSV WKDWDUHVHUYHG LQDVLQJOHEXV
WRXU ? D?஻೔஻೔א஻ ൑ D?WKHUHIRUHZHOLPLWWKHQXPEHURI%OHYHOEXVVWRSVWKDWVHUYHGZKLFKPHDQVWKHUH
DUHQRPRUHWKDQDFHUWDLQQXPEHURID?஻೔ ൌ  ?7KLVUXOH LPSURYHV WKH DFFXUDF\ DQG VSHHGV XS WKH
FDOFXODWLRQ 
2) Record the optimal local solution: 
7RDYRLGUHSHDWHGO\VHDUFKLQJWKHRSWLPDOORFDO
VROXWLRQ ZH UHFRUG WKH RSWLPDO ORFDO VROXWLRQ LQ D
VHDUFK OLVW :KHQ WKH FXUUHQW VROXWLRQ DQG LWV
QHLJKERUKRRG DUH DOO LQ WKH WDEX OLVW ZH DJDLQ
SURGXFHDUDQGRPVROXWLRQDVWKHFXUUHQWVROXWLRQ 
3) Compute a termination rule: 
2QFHWKHRSWLPDOVROXWLRQGRHVQRWXSGDWHIRUD
SHULRGRIVWHSVZHIRUFHWKHWHUPLQDWLRQRIWKH
WDEXVHDUFKDQGRXWSXWWKHRSWLPDOVROXWLRQ 
3. 1XPHULFDOH[DPSOH 
:HJHQHUDWHGDVPDOOQXPHULFDOH[DPSOHZLWK
RQO\  $OHYHO VWRSV DQG  %OHYHO VWRSV 7KH
GLVWDQFHVEHWZHHQWKHEXVVWRSVDUHIURPWKHUHDOGDWD
RIWKH1REXVOLQHRI*XDQJ]KRXDQGWKHGDWDRI
WKHSDVVHQJHUV¶2'GHPDQGVGHSDUWXUHWLPHVDQGWKH
:73RIHDFKSDVVHQJHUZHUHGHWHUPLQHGUDQGRPO\
DFFRUGLQJWRDVSHFLILFUXOHYHU\VLPLODUWRQXPHULFDO
H[DPSOH 
3.1 0RGHOVROXWLRQ 
7KHPRGHO LV VROYHGXVLQJERWK WKH WUDYHUVLQJ
PHWKRGDQG WKH WDEXVHDUFKDOJRULWKPWRGHWHUPLQH
WKHDFFXUDF\RIWKHWDEXVHDUFKLQWKLVPRGHO7DEOH
VKRZVWKHGHWDLOVRIWKHRSWLPDOVROXWLRQDQG)LJ
VKRZVWKHVFKHPDWLFGLDJUDPRIDURXWHIRUFDVH
7KH WRWDO V\VWHP LQFRPH D? XVLQJ WKH WUDYHUVLQJ
PHWKRG LV  ZKHUHDV WKH UHVXOW XVLQJ WKH WDEX
VHDUFKDOJRULWKPLV  ?ൌ ȁD?்௔௕௨ െ D?்௠ȁ  D? ൌ  ?D?்௔௕௨ כ  ? ? ? ?  7KH UHVXOW XVLQJ WKH WDEX VHDUFK DOJRULWKP LV
VOLJKWO\ ORZHU WKH DEVROXWH GLIIHUHQFH  ?ൌ ?Ǥ ? ? ? D? ൌ  ?Ǥ  ? ? WKDQ WKDW RI WKH WUDYHUVLQJ
PHWKRGZKLFKLVDFFHSWDEOHLQSUDFWLFDODSSOLFDWLRQV
7KHRSHUDWLQJWLPHIRU WKHWDEXVHDUFKLVRQO\
VHFRQGV PXFK ORZHU WKDQ WKH  V IRU WKH
WUDYHUVLQJPHWKRG 
7DEOH2SWLPDOVROXWLRQIRUFDVH 
 
 7DEXVHDUFKUHVXOW 7UDYHUVLQJPHWKRGUHVXOW 
%HVW; >@ >@ 
6WHSV   
8SGDWHVWHSV   
7LPH V V 
%HVW< 
Total system income)    ?ൌ  ?Ǥ ? ? ?Ǣ D? ൌ  ?Ǥ ? ? ?
A1 A2
A3 A4 A5
A1 A2
A3 A4 A5
B1       B2      B3      B4      B5     B6      B7                                B8                                                   B9                                                  B10     B11    B12   B13  B14   B15   B16   B17    B18    B19                B20  B21
B1       B2      B3      B4      B5     B6      B7                                B8                                                   B9                                                  B10     B11    B12   B13  B14   B15   B16   B17    B18    B19                B20  B21
Tabu search
Traversing method
 )LJ6FKHPDWLFGLDJUDPRIDURXWHIRUFDVH 
 
$VZHFDQVHHIURP)LJWKHURXWHVSURGXFHG
E\WKHWUDYHUVLQJPHWKRGDQGWKHWDEXVHDUFKLQWKHD?ଵD?ଶGLVWULFW DUH VOLJKWO\ GLIIHUHQW 7KH WUDYHUVLQJPHWKRGLVWKHSUHFLVHVROXWLRQDQGVHOHFWVEXVVWRSV
%%%%DQG%ZKLOHLQWKHWDEXVHDUFKWKH
RSWLPDOUHVXOWLV%%%%DQG%:HDOVRILQG
WKDWWKHDEVROXWHGLIIHUHQFHLVRQO\ZKLFKLV
DFFHSWDEOH LQ D UHDOZRUOG FDVH ZKHQ D TXLFN
UHVSRQVHLVUHTXLUHG 
3.2 6HQVLWLYLW\DQDO\VLV 
7KHUHVXOWRIWKHRSWLPL]DWLRQLVFORVHO\UHODWHG
WRWKHSDUDPHWHUVFKRVHQWKHUHIRUHZHDQDO\]HGWKH
VHQVLWLYLW\RIWKHIROORZLQJYLWDOSDUDPHWHUV 
z D?஻೔ (WTP) 
z D?ଶ and D?ଷ (Time cost)  
z D? (Maximum B-level stops served) 
6WUHQJWKRI:73 
 
 
)LJ6HQVLWLYLW\DQDO\VLVRIWKH:73 
 
7DEOH5HJUHVVLRQDQDO\VLV 
 
 (TXDWLRQ 5VTXDUHG 
7UDYHUVLQJ
PHWKRG D? ൌ ? ?Ǥ ? ? ? כ D? ൅ ? ?Ǥ ? ? ?  
7DEXVHDUFK D? ൌ ? ?Ǥ ? ? ? כ D? ൅ ? ?Ǥ ? ? ? ?  
 
8SRQLQFUHDVLQJWKHVWUHQJWKRIWKH:73 ?Ǥ ? ൑D? ൑  ?Ǥ ?WKHYDOXHRID?LQFUHDVHVDVVKRZQLQ)LJ
:H VROYHG WKH PRGHO ZLWK GLIIHUHQW VWUHQJWKV RI
:73E\PHDQVRIWKHWUDYHUVLQJPHWKRGDQGDWDEX
VHDUFKDQGUHDFKHGVLPLODUYDOXHVIRUWKHWRWDOV\VWHP
LQFRPH D?7KH OLQH FKDUW LQGLFDWHV WKH IROORZLQJ
UHVXOWV 
 D?DQG D?஻೔DUH SRVLWLYHO\ FRUUHODWHG :HREWDLQHG WKH HTXDWLRQV LQ7DEOH  E\ SHUIRUPLQJ D
UHJUHVVLRQDQDO\VLVRI<ZLWKWKHVWUHQJWKRIWKH:73
,Q WKLV UHJUHVVLRQDQDO\VLV WKH VDPSOH VKRZV JRRG
OLQHDULW\ 5VTXDUHG LV  ZKLFK FDQ EHWWHU
UHIOHFWWKHDSSURSULDWHFKDUDFWHULVWLFV7KHYDOXHRID?
LVORJLFDOO\VHQVLWLYHWRLQFUHDVHVLQWKH:73 
:H WHVWHG WZHQW\RQHVLWXDWLRQVDQG IRXQG
WKDWWKHWDEXVHDUFKLVHIIHFWLYHLQVROYLQJWKLVPRGHO
:H FRPSDUHG WKH UHVXOWV RI WKH WUDYHUVLQJ PHWKRG
DQG WKH WDEX VHDUFK DQG LQ  RI WKH  
VLWXDWLRQVWKHUHVXOWVIURPWKHWUDYHUVLQJPHWKRGDUH
LGHQWLFDOWRWKRVHRIWKHWDEXVHDUFK7KHJUHDWHVWJDS
LQ WKH VHW RI UHVXOWV RFFXUUHG ZKHQ D? ൌ  ?Ǥ ?  ?ൌ ?Ǥ ?, D? ൌ  ?Ǥ  ? ? ZKLFK PHDQV WKDW WKH SUHFLVH
DOJRULWKPDQGWKHKHXULVWLFDOJRULWKPERWKZRUNZHOO
LQWKLVFDVH 
7LPHFRVWDQDO\VLV 
7KHSDUDPHWHUVRIWKHWLPHFRVWD?ଶSDVVHQJHUV
RQWKHEXVD?ଷ:SDVVHQJHUVZDLWLQJDWWKHIROORZLQJ$OHYHO EXV VWRSV DUH YHU\ LPSRUWDQW WR WKH WRWDO
V\VWHPLQFRPHWKHUHIRUHZHSHUIRUPHGDVHQVLWLYLW\
DQDO\VLV RQ D?ଶDQG D?ଷ  ? ൑ D?ଶ ൑  ?  ? ൑ D?ଷ ൑  ?ZLWK  FRPELQDWLRQV 7KH YDOXH RID?VROYHG
YLDDWDEXVHDUFKYDULHVZLWKWKHYDOXHVRID?ଶDQGD?ଷDV VKRZQ LQ )LJ  7KH IROORZLQJ UHVXOWV ZHUH
UHDFKHG 
  
 
)LJ6HQVLWLYLW\DQDO\VLVRIWKHWLPHFRVW 
 
7KHRSWLPDOPRGHOGHFUHDVHVZKHQD?ଶRUD?ଷLQFUHDVHV D? ൌ െ ? ?Ǥ ? ? ?ଶ െ  ? ?Ǥ ? ? ?D?ଷ ൅  ? ? ?Ǥ ? ? ? ?  5VTXDUHG LV  LQ WKH UHJUHVVLRQDQDO\VLV ,Q
(TWKHVHQVLWLYLW\RIWKHWLPHFRVWWRSDVVHQJHUV
RQWKHEXVD?ଶLVVLJQLILFDQWO\JUHDWHUWKDQWKDWRIWKHWLPH FRVW WR SDVVHQJHUV ZLWK UHVHUYDWLRQV DW WKH
VXEVHTXHQW$OHYHOVWRSVD?ଷ :KHQSDUDPHWHUVD?ଶDQGD?ଷUDQJHIURPWR WKH YDOXHV UDQJH IURP  WR  ZKLFK LV DQ
DSSURSULDWH LQWHUYDO :H FKRVH D?ଶ ൌ  ?Ǥ ?DQG D?ଷ ൌ ?Ǥ ? ? ?DVWKHPHGLDQSDUDPHWHUV 
$WPDQ\SRLQWV WKH ORFDO RSWLPDO VROXWLRQ
FKDQJHV7KHQHDUO\VPRRWKERUGHULQ)LJLVDOVR
VWURQJ HYLGHQFH RI WKH HIIHFWLYHQHVV RI WKH WDEX
VHDUFKDOJRULWKP 
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Sensitivity analysis of the WTP
Y(tabu search) Y(travesing method)
& 
& 
&  
&  
<  
3DUDPHWHU1DQDO\VLV 
 
 
)LJ6HQVLWLYLW\DQDO\VLVRISDUDPHWHU1 
 
$Q H[FHVVLYH QXPEHU RI %OHYHO VWRSV LV
XQGHVLUDEOHEHFDXVHWKHSDVVHQJHUVZLOOVXIIHULIWKH
QHZIOH[LEOHEXVV\VWHPZDVWHVWRRPXFKWLPH)LJ
 SURYLGHV GHWDLOV :H IRXQG WKDW WKH YDOXH RI D?
LQFUHDVHVZKHQD? ൑  ? DOWKRXJK<GRHVQRWDOZD\V
LQFUHDVHZLWKDQLQFUHDVHLQD?D? ൑  ? 
:HDOVRFRPSDUHG WKHUHVXOWVRID WDEXVHDUFK
ZLWKWKRVHRIWKHWUDYHUVLQJPHWKRGZKHQD? ൑  ?WKH
UHVXOWVRIWKHWUDYHUVLQJPHWKRGZHUHLGHQWLFDOWRWKH
UHVXOWV RI WKH WDEX VHDUFK ZKHQD? ൒  ? WKH UHVXOWV
ZHUHVOLJKWO\GLIIHUHQW ?ൌ  ?Ǥ ? ? ?Ǣ D? ൌ  ?Ǥ  ? ? 
8SRQDQDO\]LQJWKHYLWDOSDUDPHWHUVD?஻೔D?ଶD?ଷDQGD?ZHUHDFKHGWKHVDPHFRQFOXVLRQWKDWWKHWDEX
VHDUFK LV DQHIIHFWLYHRSWLPL]DWLRQVROXWLRQPHWKRG
IRUWKLVPRGHO7KXVZHFDQXVHDWDEXVHDUFKLQVWHDG
RIWKHWUDYHUVLQJPHWKRGZKHQWKHWLPHLVOLPLWHGRU
ZKHQWKHFDVHLVFRPSOLFDWHG 
4. 1XPHULFDOH[DPSOH 
&DVH  LV D FDVH LQYROYLQJ WKH 1R  EXV LQ
*XDQJ]KRX7KLVEXVOLQHVWDUWVIURP<LMLQJEXVVWRS
DQGHQGVDW$LUSRUW5RDGEXVVWRSDQGKDVDKLVWRU\
IURPWKH\HDU7KRXJKPDQ\SHRSOHZRUNDQG
OLYH DORQJ WKH EXV OLQH WKH PHWUR VWRSV WKHUH DUH
LQFRQYHQLHQW7DEOHVKRZVGHWDLOHGLQIRUPDWLRQRQ
WKLVEXVOLQH 
 
7DEOH,QIRUPDWLRQRQWKH12EXVOLQH 
1DPH *XDQJ]KRX12EXV 
2SHUDWLQJWLPH  
7LFNHWSULFH  
6WDUWVDQGDUULYHV <LMLQJ6WRSė$LUSRUW5RDG6WRS 
3HDNKRXUV DPSP 
/LQHOHQJWK NP 
1XPEHURI$VWRSV  
%XVFRPSDQ\ *XDQJ]KRX12EXVFRPSDQ\ 
 
4.1 'DWDSUHSDUDWLRQ 
%XVVWRSVDQGGLVWDQFH 
,QWKLVFDVHDOO WKH$OHYHOEXVVWRSVDUHIURP
WKHH[LVWLQJEXVVWRSVEXVVWRSVLQ)LJ 
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)LJ$OHYHOEXVVWRSV 
 
:H DOVR VHOHFWHG  SRWHQWLDO %OHYHO VWRSV
7KHVHSRWHQWLDO%OHYHOVWRSVZHUHGHWHUPLQHGEDVHG
RQ UHDO QHDUE\ GHPDQGV 7KH %OHYHO VWRSV DUH
VXIILFLHQWDQGFRYHUHGDOOWKHWUDYHOUHTXHVWRULJLQVRI
SDVVHQJHUV 3DVVHQJHUV FDQ FKRRVH ZKHUHYHU WKH\
ZDQW DV WKHLU GHSDUWXUH SODFH DQG LW ZRXOG EH
LQFOXGHGLQWKHVHWRI%OHYHOEXVVWRSV,Q)LJWKH\
DUHDORQJWKHH[LVWLQJ$OHYHOEXVOLQHDQGPRVWRI
WKHP DUH ORFDWHG QHDU WKH HQWUDQFHV RI UHVLGHQWLDO
DUHDV VXSHUPDUNHWV GUXJVWRUHV RIILFH EXLOGLQJV
SULPDU\VFKRROVNLQGHUJDUWHQVHWF 
7KHQZHLQYRNHWKH$FFXUDWH3RVLWLRQ,QGLFDWRU
$3,IURP*DRGH0DSDQRQOLQHPDSSLQJVHUYLFH
LQ&KLQDWRREWDLQWKHUHDOEXVURXWHGLVWDQFHVIRUWKH
VWRSVDQGHVWLPDWHGWKHWUDYHOWLPHEHWZHHQDQ\
WZRSRLQWVXVLQJDQDYHUDJHEXVVSHHGRINPK 
'HPDQGUHTXHVWV 
$FFRUGLQJWRWKH,&FDUGGDWDIURP0DUFK
ZHIRXQGWKDWWKH1REXVOLQHLQ*XDQJ]KRXLV
FRPPXWHFKDUDFWHUL]HG 7KH EXV GHSDUWXUH
LQWHUYDOVDUHQLQHPLQXWHVDQGWKHUHLVDQDYHUDJH
RI  EXV VKLIWV SHU GD\  PLQXWHV SHU VKLIW
ZLWKDQDYHUDJHRISDVVHQJHUVIRUDZKROHEXV
VKLIW GXULQJ RIISHDN KRXUV DQG  SDVVHQJHUV
GXULQJSHDNKRXUV7KHQZHVHOHFWHGGDWDIURPWKH
SHDN KRXUV DQG RIISHDN KRXUV DQG REWDLQHG WKH
DYHUDJH $OHYHO GHPDQG UHTXHVWV VHSDUDWHO\ :H
VHOHFWDQDYHUDJHGD\WRGHWHUPLQHWKH$OHYHOEXV
VWRSGHPDQGUHTXHVWV 
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Tabu search Traversing method
 )LJ%XV,&FDUGGDWDRIHDFK12EXVLQ
*XDQJ]KRX0DUFKWKHZKROHGD\V 
 
7KHGHPDQGIRU WKH$OHYHO2'PDWUL[FRPHV
IURPWKHGDWDZKLOHWKH%OHYHOGHPDQGLVJHQHUDWHG
UDQGRPO\DFFRUGLQJWRWKHIROORZLQJUXOHV 
:HFRQVLGHUHGWKHODQGXVHRIHDFK%VWRSDV
VKRZQLQ7DEOHZHPDUNHGWKHPZLWKUHVLGHQFH
ZRUNSODFHRUEXVLQHVV7KHSURSHUWLHVRI WKH ODQG
DURXQG%OHYHOVWRSVFDQKHOSXVJHQHUDWHWKHLQLWLDO
UDQJH RI UDQGRP QXPEHUV ,Q WKH PRUQLQJ SHDN
GLIIHUHQW LQLWLDO QXPEHU UDQJHV ZHUH XVHG IRU
UHVLGHQFHZRUNSODFHDQGEXVLQHVV
7KHQWKHGLVWDQFHEHWZHHQWKH%OHYHOEXVVWRSDQG
LWV QHDUHVW $OHYHO EXV VWRS GHWHUPLQHV LWV
FRQYHUVLRQ IDFWRU IRU WKH GLVWDQFHV IURP  WR 
PHWHUVWRPHWHUVWRPHWHUVDQG
RYHUPHWHUVZHPXOWLSO\WKHYDOXHVE\GLIIHUHQW
FRQYHUVLRQIDFWRUV 
 
7DEOH1XPEHURI%OHYHOVWRSVZLWKSDUWLFXODU
ODQGSURSHUWLHV 
/DQGSURSHUWLHV /HYHO +LJK 
/HYHO 
0HGLXP 
/HYHO 
/RZ 7RWDO 
:RUNSODFH     
%XVLQHVV     
5HVLGHQFH     
7RWDO     
 +RXVLQJUHQW SULFH OHYHOV +LJK 0HGLXP /RZ $OO
KRXVLQJ SULFH GDWD DUH REWDLQHG IURP KWWSVJXDQJ]KRX
DQMXNHFRP 
 
4.1.1 :73JHQHUDWLRQ 
,QWKLVFDVHLWLVKDUGWRJHWWKHUHDO%OHYHO2'
GHPDQGVDQG:73VEHFDXVHWKHUHDUHQR%OHYHOEXV
VWRSVLQWKHPDUNHW7KXVZHGHYHORSHGDVHULHVRI
UXOHVDQGJHQHUDWHGWKHVHGDWDUDQGRPO\DFFRUGLQJWR
WKHGXUDWLRQRIWKHWUDQVLWWLPHWKHGLVWDQFHIURPWKH
QHDUHVWEXVVWRSDQGQHDUE\KRXVLQJSULFHV 
$OO SDVVHQJHUV KDYH D :73 ZLWKLQ DQ LQLWLDO
UDQGRP UDQJH WKDW LV JHQHUDWHG DFFRUGLQJ WR WKH
OHQJWKRIWKHLUWUDQVLWWLPHOHVVWKDQIRXUVWRSVILYH
WR WHQVWRSVDQGPRUH WKDQ WHQVWRSVKDYHGLIIHUHQW
LQLWLDO:73V7KHQWKHGLVWDQFHFRQYHUVLRQIDFWRUV
EHWZHHQHDFK%OHYHOEXVVWRSDQGLWVQHDUHVW$OHYHO
EXVVWRSDUHDOVRPXOWLSO\WRWKHLQLWLDO:73)LQDOO\
the KRXVLQJUHQW SULFH DOVR SURYLGHV FRQYHUVLRQ
IDFWRUV KLJK PHGLXP DQG ORZ KRXVLQJUHQW SULFHV
HDFKKDYHGLIIHUHQWYDOXHV7KHVHVWHSVUHVXOWLQWKH
JHQHUDWLRQRIHDFKSDVVHQJHU¶V:73 
7KHQ ZH H[DPLQHG WKH UDQGRPO\ JHQHUDWHG
:73VZLWKDTXHVWLRQQDLUHVXUYH\LQ*XDQJ]KRXDQG
UHIHUHQFHV IURP WKH SDVW OLWHUDWXUH 7KH VXUYH\ LV
DERXW WKH:73VRISDVVHQJHUVDW VRPH%OHYHOEXV
VWRSV 0RUHRYHU ZH SHUIRUPHG D FRPSDULVRQ RI
WKHP DQG IRXQG WKDW WKH JHQHUDWHG :73V DUH
DFFHSWDEOH 
 
7DEOH:73FRPSDULVRQDQGPRGLILFDWLRQ 
&LW\ :73VXUYH\ 
:73
JHQHUDWHG 
3HUFHQWDJH
HUURU 
6DQ)UDQFLVFR>@    
-LQDQ>@    
*XDQJ]KRX%    
*XDQJ]KRX%    
IRUDPLQWULSEDVHGRQDVXUYH\FRQGXFWHGLQ
WKH6DQ)UDQFLVFR%D\DUHDLQ 
EDVHGRQDVXUYH\ZHGLGLQHDUO\ 
7KHJHQHUDWHG:73RIWKLVSDSHU:73PRGLILHG 
 
7KH :73 IRU D IOH[LEOH WUDQVLW VHUYLFH ZDV
UHODWLYHO\ KLJK DQG RYHU KDOI RI WKH UHVSRQGHQWV
VKRZHGD:73IRUDIOH[LEOHWUDQVLWVHUYLFH%\XVLQJ
WKHPHWKRGRISURSHQVLW\VFRUHPDWFKLQJZHREWDLQ
DVHULHVRIDFFHSWDEOH:73VIRUDOO WKHSDVVHQJHUV
7KRXJKWKHVH:73VODFNGDWDLHQRWDOOWKH%OHYHO
EXV VWRSV ZHUH LQFOXGHG LQ WKH VXUYH\ LW LV VWLOO
LQIRUPDWLYHDQGSURYLGHVDQH[FHOOHQWUHIHUHQFHIRU
WKLVQXPHULFDOH[DPSOH:HFDQFDOFXODWHWKHPRGHO
XVLQJWKHVHGDWD 
4.2 5HVXOWVDQGHYDOXDWLRQ 
:HFKRVHSDUDPHWHUVIRUWKHDQDO\VLVDFFRUGLQJ
WR WKH EXV FDSDFLW\ D? ൌ ? ? EXV IDUH VWUXFWXUH
D?ை஽଴ ൌ  ?DQGSDVVHQJHUWROHUDQFHD? ൌ  ?Ƀ௠௜௡ ൌ ?Ǥ ?Ƀ௠௔௫ ൌ  ?D? ൌ ? ? LQ *XDQJ]KRX$FFRUGLQJWR WKH FKDUDFWHULVWLFV RI *XDQJ]KRX ZH VHOHFWHG
YDULRXV YDOXHV IRU D?ଶDQG D?ଷSHDN KRXUV D?ଶ ൌ  ?DQGD?ଷ ൌ  ?Ǥ ? ? RIISHDN KRXUVD?ଶ ൌ  ?Ǥ ?DQG D?ଷ ൌ ?Ǥ ? ? ?:HZLOO WKRURXJKO\GLVFXVV WKHSDUDPHWHU
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2IISHDNKRXU 
3HDNKRXU 
DQDO\VHVODWHULQVHFWLRQ 
7KH QXPEHU RI IHDVLEOH VROXWLRQV LQFUHDVHG
WR ?ଵଷ଼ZKLFKZDVWRRODUJHIRUDWUDYHUVLQJVHDUFK
PHWKRG7KHWDEXVHDUFKDOJRULWKPSHUIRUPHGZHOO
VHDUFKVWHSVLQRIISHDNKRXUVDQGVWHSVLQ
SHDNKRXUVDQGFRQYHUJHGTXLFNO\VHFRQGV
LQRIISHDNKRXUVDQGVHFRQGVLQSHDNKRXUV 
$FFRUGLQJWRWKHUHVXOWVVKRZQLQ7DEOHVDQG
HLJKW%OHYHOVWRSVZHUHVHUYHGGXULQJSHDNKRXUV
DQGWHQ%OHYHOVWRSVZHUHUHTXLUHGGXULQJRIISHDN
KRXUV 7KH VSHFLILF %OHYHO VWRSV ZHUH GLIIHUHQW
'XULQJSHDNKRXUV, EXVVWRSV%%%%%
%%DQG%DUHVHUYLFHGLQVWHDGRIEXVVWRSV
% % % % % % % % % DQG %
5HJDUGLQJ WKH VSHFLILF EXV VWRSV % ZKHUH WKH
SDVVHQJHUVDUHUHVLGHQWVRIOHYHODQGPLJKWKDYHD
ORZHU:73DQG%%DQG%LQWKH:DUHD
ZKHUH WKHUH PD\ EH IHZHU SDVVHQJHUV GXULQJ
PRUQLQJSHDNKRXUVDUHVHUYLFHGRQO\GXULQJRII
SHDN KRXUV 6WRSV % DQG % KDYH PRUH
SDVVHQJHUVZLWKDKLJKHU:73DQGDORZHUGHWRXU
GLVWDQFH VR WKH\ DUH VHUYLFHG GXULQJ SHDN KRXUV
0RUHRYHU WKH PRUH EXVHV WKDW DUULYH DW %OHYHO
VWRSVWKHKLJKHUWKHIDUHLQFRPHKRZHYHUGXULQJ
SHDNKRXUVWKHWLPHFRVWWRSDVVHQJHUVLVUHODWLYHO\
KLJKDQGWKHPRGHOOLPLWVWKHQXPEHURIEXVVWRSV
WRPDLQWDLQVPRRWKV\VWHPRSHUDWLRQV 
 
7DEOH5HVXOWVRIFDVH 
 
 <\XDQ 6WHSV 8SGDWHVWHSV D?௜ 2IISHDNKRXUV    %%%%%%%%%% 
3HDNKRXUV    %%%%%%%% 
 
7DEOH$QDO\VHVRI%OHYHOEXVVWRSV 
 
  
/RFDWLRQ
EHWZHHQ 
'HVFULS
WLRQ 
+RXVLQJ
SULFHV 
 
2IISHDN 
KRXUV 
ࡺ ൌ ૚૙ 
% $$ 5 +LJK/ 
% $$ 5 0HGLXP/ 
% $$ 5 /RZ/ 
% $$ :  
% $$ %  
% $$ :  
% $$ :  
% $$ %  
% $$ 5 0HGLXP/ 
% $$ :  
3HDN
KRXUV 
ࡺ ൌ ૡ 
% $$ 5 +LJK/ 
% $$ 5 /RZ/ 
% $$ :  
% $$ %  
% $$ %  
% $$ %  
% $$ 5 0HGLXP/ 
% $$ 5 +LJK/ 
55HVLGHQWLDODUHD::RUNLQJDUHD%%XVLQHVVDUHD 
/KLJKKRXVHSULFH/PHGLXPKRXVHSULFH/ORZKRXVHSULFH 
4.3 6HQVLWLYLW\DQDO\VLV 
7KHVHQVLWLYLW\DQDO\VHVDOVRKLJKOLJKW WKDW WKH
WLPHFRVWLVFORVHO\UHODWHGWRWKHRSWLPDOURXWHRIWKH
V\VWHP7KHYDOXHRID?YDULHVZLWKD?ଶDQGD?ଷLQ)LJ7KHWRWDOV\VWHPLQFRPHD?UDQJHVIURP
WR  ZKHQ WKH SDUDPHWHUV DUH  ? ൑ D?ଶ ൑  ?DQG ? ൑ D?ଷ ൑  ?Ǥ ? ? 
 
6HPLIOH[LEOHWUDQVLWV\VWHP
IRUWKH1REXVOLQH 
$OHYHOVWRSV 
%OHYHOVWRSV?RIISHDN? 
%OHYHOVWRSV˄SHDN˅ 
6HPLIOH[LEOHEXVOLQH?RIISHDN? 
6HPLIOH[LEOHEXVOLQH?SHDN? 
 )LJ7KHVHQVLWLYLW\RIWKHWLPHFRVW 
 D? ൌ െ ? ?Ǥ ? ? ?ଶ െ  ? ? ?Ǥ ? ? ?D?ଷ ൅  ? ? ?Ǥ ? ? ?  :H SHUIRUPHG D UHJUHVVLRQ DQDO\VLV RQ WKHVH
SDUDPHWHUV 7KH UVTXDUHG LV  ZKLFK LV
DFFHSWDEOH ,Q (T  D?ଶLV IRXU WLPHV PRUHHIIHFWLYHWKDQD?ଷ,WLVSURSHUWRFKRRVHDSDUDPHWHUUHODWLRQVKLSFORVHWRD?ଶ ൌ  ?D?ଷ 
4.4 'LVFXVVLRQ 
,Q WKLV VXEVHFWLRQ ZH FRPSDUH WKH
SHUIRUPDQFHVRIRWKHUVHUYLFHSURYLGLQJV\VWHPVWKDW
DUH FRPSDUDEOH WR WKH SURSRVHG IOH[LEOH WUDQVLW
V\VWHP 
)L[HGURXWHWUDQVLWV\VWHP 
,Q WKH IL[HGURXWH V\VWHP WKH WRWDO LQFRPH
FRPHVIURPWKHWRWDOEXVIDUHV$FFRUGLQJWRDSDSHU
ZULWWHQ E\ 1RXUEDNKVK DQG 2X\DQJ >@ WKH WRWDO
FRVWV LQFOXGH WKRVH UHODWHG WR WKH LQIUDVWUXFWXUH
LQYHVWPHQW WRWDO YHKLFOH GLVWDQFH EXV IOHHW VL]H
SDVVHQJHUV¶ ZDONLQJ WLPHV SDVVHQJHUV¶ ZDLW WLPHV
DQG WUDQVIHU GLVFRPIRUW$PRQJ WKHVH WKH ZDONLQJ
WLPH RI SDVVHQJHUV GHFUHDVHG FRQVLGHUDEO\ LQ WKH
IOH[LEOH V\VWHP WKH WRWDO YHKLFOH GLVWDQFH DQG
SDVVHQJHUZDLWWLPHVZHUHDOUHDG\FRQVLGHUHGLQWKH
WRWDOV\VWHPLQFRPHRIWKHIOH[LEOHEXVV\VWHPZKLOH
WKH RWKHU FRVWV LQIUDVWUXFWXUH LQYHVWPHQW DQG EXV
IOHHWVL]HDUHWKHVDPHLQWKHVHWZRV\VWHPV:KLOH
WKHWRWDOV\VWHPLQFRPHD?RIWKHIOH[LEOHV\VWHPLV
DOUHDG\JUHDWHUWKDQWKHIDUHWLFNHWLQFRPHRIDIL[HG
V\VWHP ZH IRXQG WKDW WKH WRWDO LQFRPH LQFUHDVHG
FRQVLGHUDEO\ 
 
7DEOH&RPSDULVRQZLWKDIL[HGURXWHEXVOLQH 
 
,QGH[ )L[HGEXV )OH[LEOHEXV 2IISHDNKRXU 3HDNKRXU D?      
D?    D? /HVVWKDQ   
 
$FFRUGLQJ WR WKH LQGH[ FRPSDULVRQ RI WKH
IOH[LEOHDQGWKHH[LVWLQJIL[HGURXWHEXVOLQHVLQFDVH
 WKH IOH[LEOH WUDQVLW V\VWHP JRW D KLJKHU OHYHO RI
LQFRPH E\ DSSUR[LPDWHO\  GXULQJ RIISHDN
KRXUVDQGGXULQJSHDNKRXUV 
7D[L 
$QLQFUHDVLQJQXPEHURISHRSOHQHHGGRRUWR
GRRUVHUYLFH3DVVHQJHUVVSHQGPRUHPRQH\RQDWD[L
LI WKH\ ZDQW WR ZDON D VKRUWHU GLVWDQFH IURP WKHLU
RULJLQWRWKHLUWUDQVLWVWRS7KHUHIRUHZHFRPSDUHG
WKH FRVW RI WDNLQJ D WD[L ZLWK WKDW RI WKH IOH[LEOH
WUDQVLWLQWKLVSDSHU7KHFRPSDULVRQUHVXOWLVVKRZQ
LQ7DEOH7KHVDYLQJVDUHRYHUIRXUWLPHVWKHFRVW
RIWKHIOH[LEOHWUDQVLWV\VWHP 
 
7DEOH&RPSDULVRQZLWKWD[L 
 
,QGH[ 
7D[L )OH[LEOHEXV 
2IISHDN
KRXUV 
3HDN
KRXUV 
2II
SHDN
KRXUV 
3HDN
KRXUV 
3DVVHQJHUV
SDLG     
3DVVHQJHUV
VDYHG 

 

   
 
5. &RQFOXVLRQ 
,Q WKLV SDSHU D IOH[LEOHURXWH SODQ PRGHO ZDV
SURSRVHGZLWKWZREXVVWRSOHYHOV$OHYHOEXVVWRSV
DUHIL[HGDQGLGHQWLFDOWRWKRVHRIWKHH[LVWLQJIL[HG
URXWH EXV OLQH ZKHUHDV %OHYHO VWRSV SURYLGH D
IOH[LEOHW\SHRIEXVVWRSDQGVHUYHSDVVHQJHUVZLWK
VWURQJ:73:HFRQVLGHUHGWKHUHODWLRQVKLSEHWZHHQ
WKH SDVVHQJHU GHPDQG DQG SDVVHQJHU :73 DQG
IRUPXODWHGDLQWHJHUSURJUDPPLQJPRGHOEDVHG
RQZKHWKHUFHUWDLQ%OHYHOVWRSVFRXOGEHVHUYLFHG
:H FRPSDUHG WKH SHUIRUPDQFH RI WKH SURSRVHG
WUDYHUVLQJDOJRULWKPDQGWKHWDEXVHDUFKDOJRULWKPLQ
DQXPHULFDOH[DPSOHERWKRIZKLFKZHUHDGRSWHGWR
VROYHWKHPRGHO)LQDOO\DUHDOFDVHZDVSURYLGHGWR
YHULI\ WKHSURSRVHGPHWKRG LQDFRPSDULVRQRI WKH
SURSRVHG WUDQVLW V\VWHP ZLWK FRPSDUDEOH V\VWHPV
LHDIL[HGURXWHWUDQVLWQHWZRUNDQGDWD[LVHUYLFH
7KHWRWDOV\VWHPLQFRPHLQFUHDVHVE\GXULQJ
2IISHDNKRXUV 
&  
&  
<  3HDNKRXUV 
& 
&  
<  
& 
&  
<  
& 
& 
<\XDQ 
RIISHDN KRXUV DQG E\  GXULQJ SHDN KRXUV
FRPSDUHGWRDIL[HGEXVOLQH 
7KLV IOH[LEOH WUDQVLW URXWLQJ PRGHO RIIHUV WKH
DGYDQWDJHV RI HQHUJ\ FRQVHUYDWLRQ DQG
HQYLURQPHQWDO SURWHFWLRQ KHOSV SDVVHQJHUV VHFXUH
LPSURYHGVHUYLFHVDQGEHQHILWVEXVFRPSDQLHV6XFK
DQDSSURSULDWHV\VWHPFDQOHDGWRDZLQZLQVLWXDWLRQ
HVSHFLDOO\LQDUHDVWKDWODFNSDUDWUDQVLWV\VWHPVDQG
GXULQJRIISHDNKRXUV 
$FNQRZOHGJPHQWV 
7KLV VWXG\ ZDV VXSSRUWHG E\ WKH 1DWLRQDO 1DWXUDO
6FLHQFH )RXQGDWLRQ RI &KLQD 12 
 WKH 6FLHQFH DQG 7HFKQRORJ\ 3URJUDP
3URMHFWRI*XDQJGRQJ3URYLQFH$
DQGWKH6FLHQFHDQG7HFKQRORJ\3URJUDP3URMHFWRI
*XDQJ]KRX 
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